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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to examination of the above application, please amend the application as 
follows. 

In the Specification: 

Please amend the specification as shown on the accompanying Clean Copy of 
Substitute Specification. A Marked Up Copy of Substitute Specification is also provided, 
as well as a Statement as to Lack of New Matter under 37 C.F.R. 1.125(b)(1). 

In the Claims: 

Please cancel claims 1-13. 
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Applicant: 
PCT App. No.: 



Kari Holopainen et al. 
PCT/FIOO/00726 



14. A calender having a plurality of calender rolls arranged one upon the other, 
and including a top calender roll and a bottom calender roll, and defining in operation at least 
one profiling nip for profiling a fibrous web that is being calendered, at least one of the 
calender rolls defining the profiling nip being a shoe roll comprising an outer shell and at 
least one row of internal shell-loading shoe means for profiling the shell, the nip and the 
fibrous web as well as for controlling contact in the nip, the improvement comprising: 

the shoe roll is located between the top and bottom calender rolls; 
the shoe roll outer shell is of continuous-fibre reinforced composite material; and 
the at least one row of internal shell-loading shoe means of the shoe roll is arranged 
parallel to a nip defined against the shoe roll. 

1 5. The calender of claim 14 wherein the plurality of calender rolls further 
comprises a first press roll below the upper roll, and a first intermediate roll below the first 
press roll, and a second press roll above the bottom calender roll, and a second intermediate 
roll above the second press roll, and wherein both the first intermediate roll and the second 
intermediate roll are shoe rolls. 

16. The calender of claim 14 wherein there are a plurality of rows of internal 
shell-loading shoe means within the shoe roll, the rows being uniformly spaced with respect 
to one another in the circumferential direction of the composite material outer shell. 

17. The calender of claim 1 4 wherein the top calender roll is a shoe roll. 

18. The calender of claim 14 wherein the the bottom calender roll is a shoe roll. 

19. The calender of claim 14 wherein the properties of the composite material 
outer shell of the shoe roll are achieved by a fibre orientation such that the composite shell is 
more rigid in the circumferential direction than in the axial direction. 
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Applicant: Kari Holopainen et al. 

PCT App. No.: PCT/FI00/00726 

20. The calender of claim 19, wherein the continuous-fibre reinforced composite 
material is includes plastic or epoxy reinforced by glass fibres or carbon fibres, and that in 
order to provide a shell which is more rigid in the circumferential direction in relation to the 
axial direction of the shoe roll, orientation of the fibres of the composite material has been 
accomplished such that a major proportion of the fibres of the composite material of the shell 
of the shoe roll are directed at an angle of over 45° with respect to the axis of the shoe roll. 

2 1 . The calender of claim 20, wherein the angle is in the range of 70°-90°. 

22. The calender of claim 14 wherein the shoe roll is a hydraulically 
zone-controlled roll, the composite shell of which is supported from a non-rotating central 
shaft of the shoe roll by means of hydrostatic loading arrangements which transfer the nip 
force directed at the composite shell rotating around the central shaft so as to be carried by the 
central shaft. 

23. The calender of claim 22 wherein the hydrostatic loading arrangements 
comprise rows of loading shoes. 

24. The calender of claim 14 wherein the calender has at least one intermediate 
roll positioned between the calender top roll and the calender bottom roll, and wherein at least 
one of the top roll, the at least one intermediate roll, and the bottom roll is a shoe roll. 

25. The calender of claim 14 wherein in calender operation, the shoe roll is 
separable from a nip forming contact with a press roll or another shoe roll. 
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Applicant: Kari Holopainen et al. 

PCT App. No.: PCT/FI00/00726 

26. The calender of claim 14 wherein the plurality of calender rolls comprises two 
stacks of three rolls, one of the two stacks defining an upper stack, and the other of the two 
stacks defining a lower stack, the upper stack being placed upon the lower stack such that 
between the two stacks there remains a space which is defined by a bottom roll of the upper 
stack and by a top roll of the lower stack, wherein the bottom roll of the upper stack and the 
top roll of the lower stack can be separated from contact with rolls of their own roll stack into 
nip contact with each other. 

27. The calender of claim 26 wherein the bottom roll of the upper stack and the 
top roll of the lower stack are shoe rolls having roll shells, and at least the bottom roll of the 
upper roll stack and the top roll of the lower roll stack are fixedly mounted on a calender 
frame such that their shells can be displaced in the direction of the roll stack with respect to 
roll supports of the rolls. 

28. Thexalender of claim 27 wherein at least the bottom roll of the upper roll 
stack and the top roll of the lower roll stack are provided with loading members located inside 
their roll shells. 
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Applicant: Kari Holopainen et al. 

PCT App. No.: PCT/FIOO/00726 

29. A calender for treatment of a fibrous web passing therethrough, the calender 
comprising: 

a frame; 

a top roll mounted to the frame; 

a first press roll mounted to the frame beneath the top roll; 

a first intermediate roll mounted to the frame beneath the first press roll, wherein the 
top roll, the first press roll, and the first intermediate roll comprise a first 
stack; 

a second intermediate roll mounted to the frame beneath the first intermediate roll; 

a second press roll mounted to the frame beneath the second intermediate roll; 

a bottom roll mounted to the frame beneath the second press roll, wherein the second 

intermediate roll, the second press roll, and the bottom roll comprise a second 

stack; and 

wherein the rolls of the first stack and the second stack other than the top roll and the 
bottom roll define at least one profiling nip, and one of the rolls defining the 
profiling nip being a shoe roll having an outer shell and at least one row of 
internal shell-loading shoe means for profiling the shell, the nip and the 
fibrous web as well as for controlling contact in the nip, and wherein the shoe 
roll outer shell is of continuous-fibre reinforced composite material and the at 
least one row of internal shell-loading shoe means of the shoe roll is arranged 
parallel to a nip defined against the shoe roll. 

30. The calender of claim 29 wherein the first intermediate roll and the second 
intermediate roll are shoe rolls, each having outer shells and at least one row of internal shell- 
loading shoe means, the shoe means being operable to load the first intermediate roll against 
the first press roll and the second intermediate roll against the second press roll, or 
alternatively to load the first intermediate roll against the second intermediate roll. 
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Applicant: Kari Holopainen et ah 

PCT App. No. : PCT/FI00/00726 

3 1 . The calender of claim 30 wherein the first intermediate roll and the second 
intermediate roll are fixedly mounted on the frame such that their shells can be displaced in 
the direction of the roll stack with respect to roll supports of the rolls. 



Remarks 

Claims 14-31 remain pending in the application. 

Applicant believes that no new matter has been added by these amendments and 
that the application, as amended, is ready for examination. Favorable action thereon is 
respectfully solicited. 



Respectfully submitted, 




David R. J. Stiennon, Reg. No. 33212 
Attorney for Applicant 
Lathrpp & Clark LLP 

740 Regent Street, Suite 400, P.O. Box 1507 
Madison, Wisconsin 53701-1507 
(608) 257-7766 
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In The United States Patent And Trademark Office 
Applicant: Kari Holopainen et al. Date: August 26, 2002 

Date Filed: February 26, 2002 
App.No.: 10/070,024 
For: Shoe Roll 



Docket No.: FORSAL-36 



Certificate of Mailing 
I hereby certify that this correspondence is being deposited 
with the United States Postal Service as first class mail in an 
envelope addressed to: 
Assistant Commissioner for Patents, 
Washington, D.C. 20231 

Date 




David R. 



Signature 

J. Stiennon, Reg , 



No. 33212 



Name of applicant, assignee or Registered Representative 



Second Preliminary Amendment 

Box Missing Parts 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

Dear Sir: 

Prior to examination of the above application, please amend the application as 
follows. 

In the Claims: 



Please cancel claim 30. 



1 



:l o di 7 Q a 2 «• , o g a 3; e e 



Applicant: Kari Holopainen et al. 

Application No.: 10/070,024 
Art Unit: 

29. (Amended) A calender for treatment of a fibrous web passing therethrough, 
the calender comprising: 
a frame; 

a top roll mounted to the frame; 

a first press roll mounted to the frame beneath the top roll; 

a first intermediate roll mounted to the frame beneath the first press roll, wherein the 
top roll, the first press roll, and the first intermediate roll comprise a first 
stack; 

a second intermediate roll mounted to the frame beneath the first intermediate roll; 

a second press roll mounted to the frame beneath the second intermediate roll; 

a bottom roll mounted to the frame beneath the second press roll, wherein the second 

intermediate roll, the second press roll, and the bottom roll comprise a second 

stack; and 

wherein the first intermediate roll and the second intermediate roll are shoe rolls, each 
having outer shells and at least one row of internal shell-loading shoe means, 
the shoe means being operable to load the first intermediate roll against the 
first press roll and the second intermediate roll against the second press roll, or 
alternatively to load the first intermediate roll against the second intermediate 
roll. 
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Applicant: Kari Holopainen et al. 

Application No.: 10/070,024 
Art Unit: 



3 1 . (Amended) The calender of claim 29 wherein the first intermediate roll and 
the second intermediate roll are fixedly mounted on the frame such that their shells can be 
displaced in the direction of the roll stack with respect to roll supports of the rolls. 



Please add the following new claim: 



32. The calender of claim 29 wherein each shoe roll outer shell is of continuous- 
fibre reinforced composite material. 

Remarks 

Claims 14—29 and 31—32 remain pending in the application. 

Applicant believes that no new matter has been added by these amendments and 
that the application, as amended, is ready for examination. Favorable action thereon is 
respectfully solicited. 



Respectfully submitted, 




David R. J. Stiennon, Reg. No. 33212 

Attorney for Applicant 

Lathrop & Clark LLP 

740 Regent Street, Suite 400 

P.O. Box 1507 

Madison, Wisconsin 53701-1507 
(608) 257-7766 
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Applicant: Kari Holopainen et al. 

Date Filed: February 26, 2002 

App. No.: 10/070,024 

For: Shoe Roll 



Date: August 26, 2002 
Docket No.: FORSAL-36 



Version with Markings to Show Changes Made 

Amendments to the Claims, under 37 C.F.R. § 1.121 (c)(l)(ii) 



Please cancel claim 30. 



29. (Amended) A calender for treatment of a fibrous web passing therethrough, 
the calender comprising: 
a frame; 

a top roll mounted to the frame; 

a first press roll mounted to the frame beneath the top roll; 

a first intermediate roll mounted to the frame beneath the first press roll, wherein the 
top roll, the first press roll, and the first intermediate roll comprise a first 
stack; 

a second intermediate [interemediate] roll mounted to the frame beneath the first 
intermediate roll; 

a second press roll mounted to the frame beneath the second intermediate roll; 

a bottom roll mounted to the frame beneath the second press roll, wherein the second 

intermediate roll, the second press roll, and the bottom roll comprise a second 

stack; and 

wherein [the rolls of the first stack and the second stack other than the top roll and the 
bottom roll define at least one profiling nip, and one of the rolls defining the 
profiling nip being a shoe roll having an outer shell and at least one row of 
internal shell-loading shoe means for profiling the shell, the nip and the 
fibrous web as well as for controlling contact in the nip, and wherein the shoe 
roll outer shell is of continuous-fibre reinforced composite material and the at 
least one row of internal shell-loading shoe means of the shoe roll is arranged 
parallel to a nip defined against the shoe roll] the first intermediate roll and the 
second intermediate roll are shoe rolls, each having outer shells and at least 
one row of internal shell-loading shoe means, the shoe means being operable 
to load the first intermediate roll against the first press roll and the second 
intermediate roll against the second press rolL or alternatively to load the first 
intermediate roll against the second intermediate roll . 



App.No.: 10/070,024 
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31 . (Amended) The calender of claim [30] 29 wherein the first intermediate roll 
and the second intermediate roll are fixedly mounted on the frame such that their shells can 
be displaced in the direction of the roll stack with respect to roll supports of the rolls. 

Please add the following new claim: 

32. The calender of claim 29 wherein each shoe roll outer shell is of continuous- 
fibre reinforced composite material. 
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Shoe roll 



The present invention relates to calendering of a fibrous web, such as a paper and board 
web. More specifically, the present invention relates to a shoe roll for a multi-roll calender 
according to the preamble of claim 1 . 

Calendering is a method by means of which the properties, in particular the thickness 
profile, smoothness, gloss, surface porosity and translucence of a web-like material, such 
as a paper web, are sought to be generally improved. In calendering the paper web is 
passed into a nip which is formed between rolls pressed against each other and in which 
the paper web is deformed by the action of temperature, moisture and nip pressure, in 
which connection the physical properties of the paper web can be affected by controlling 
the above-mentioned parameters and the time of action. The good physical properties 
attained by calendering lead to better print quality, thereby bringing a competitive 
advantage to the manufacturer of paper. 

Shoe and/or extended-nip calendering is calendering in a calender unit in which a nip is 
formed between a roll provided with a resilient shell, the shell of said roll being made, for 
example, of polyurethane, and a press roll or shoe roll which has a rigid shell and is 
provided with an internal loading shoe and which is made of metal, such as steel. 

In a multi-roll calender, the paper web is calendered by passing the web through nips 
defined between calender rolls arranged one upon the other to form a stack of rolls. The 
rolls are mounted on the frame of the calender and they are arranged to be in nip contact 
with one another such that the paper web can be calendered by passing it through the nips 
and by arranging a given load between the rolls in order to provide a linear load in the nip. 
For example, Finnish patent 95062, which corresponds to US patent 5,590,593, discloses 
a calender in which the two lowest rolls in a stack formed by four rolls are deflection- 
compensated rolls, advantageously zone-controlled rolls and they are mounted so as to be 
stationary, i.e. their bearing housings are rigidly suspended from supports mounted on the 
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frame of the calender The two topmost rolls, of which the highest one is also a deflection- 
compensated roll, preferably a zone-controlled roll, are mounted to be movable such that 
their bearing housings are attached to loading arms pivotally mounted by means of 
articulated joints on the frame of the calender. The highest deflection-compensated roll 
can be provided with a resilient coating and the second topmost roll is a heatable so-called 
thermo rolL The lowest deflection -compensated roll in the roll stack can also be provided 
with a resilient coating. The calender has alternative modes of operation, such as, for 
example, passing the paper web to be calendered through all three nips with the nips 
closed or, by opening the topmost nips, through only two or one nip, respectively. It is 
mentioned that the advantages include, among other things, the fact that the calender 
principally provides all the same advantages as are achieved by conventional soft calen- 
ders, in addition to which the middle nip in the calender is a hard nip, by means of which 
caliper can be equalized. Moreover, the modifiability of the calender makes it suitable for 
many paper grades. 

Similar modifiable calenders are also disclosed in European application publication 
890676 and in GB application publication 2,119,422. European application publication 
890676 discloses a calender in which six rolls are attached to a frame to form a calender 
stack. The topmost roll is fixedly attached to the frame, the middle rolls are attached to 
loading arms, and the bottom roll is arranged in a carriage which can be displaced in a 
vertical direction in a guide. The topmost and lowermost rolls are deflection-compensated 
rolls, and the topmost and lowermost rolls as well as the two middle rolls are rolls 
provided with an elastic coating, while the second lowest roll and the second topmost roll 
are hard-surface rolls. It is typical of the calender that when the topmost and lowermost 
nips are closed, the other nips therebetween are open, so that the web can be calendered 
symmetrically by means of the topmost and the lowermost nip and conducted without 
calendering through the open nips and via the take-out rolls situated adjacent to the rolls 
which form the opened nips. 

GB application publication 2,119,422 in turn relates to an arrangement in which two 
stacks of three rolls are placed adjacent to each other on the same calender frame, the 
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middle roll in each of said stacks being a hard roll and fixedly mounted on the frame and 
the soft rolls situated on both sides of the middle roll being displaceable to an operating 
position into nip contact with the hard-surface roll and away from it. These rolls situated 
in both stacks above and beneath the hard roll are deflection-controlled rolls. One of the 
soft-surface rolls in each roll stack serves only as a spare roll, which can be employed 
when the soft-surface roll proper which is in nip contact, for instance, becomes damaged, 
and thus the calender operates in practice as a double nip calender formed by two roll 
pairs. 

Figs. 5D and 5E of US patent 4,332,191 show a calender which comprises two stacks of 
three rolls placed one upon the other, in which the middle roll in the upper stack is a soft 
roll and all rolls in the lower stack are hard rolls. Moreover, the calender includes a stack 
of three rolls on the other side of the frame, the middle roll in the stack being soft. The 
web can be calendered by passing it via the stacks provided with a soft middle roll or, by 
lowering the bottom roll of the upper stack into contact with the lower stack, a stack of 
four hard rolls is provided, and the web is passed through three nips of said stack. 

There is also known a soft calender under the name of OPTIGLOSS™, which comprises 
two separate sets of three rolls, in both of which the middle roll is a hard thermo roll and 
there is a soft-surface roll on both sides of it. This provides a calender having 6 rolls and 
4 nips in all. 

As described above, it is typical of all calender structures that nips are opened by means 
of loading arms or by displacing other support structures supporting the calender roll, such 
as a carriage supporting the roll in guides extending parallel to the roll stack. This is 
necessary in order that the nips may be opened when changing the mode of calendering, 
i.e. the number or location of the nips which are calendering, for example, when the paper 
grade to be produced is changed. Likewise, it is typical of previous arrangements, like 
EP890676, that the mode of calendering is changed by opening some of the nips and by 
passing the web through the remaining closed nips. This leads to the fact that many rolls 
have to be moved. 



WO 01/16424 



PCT/FI00/00726 



4 

Shoe rolls are typically hydraulically deflection-compensated, zone-controlled rolls in 
which the shell is supported from a non-rotating central shaft of the roll by means of a 
hydrostatic loading arrangement, such as a row of loading shoes, which transfer the nip 
force acting on the shell rotating around the central shaft so as to be carried by the central 
shaft. The loading element is generally also divided into zones, in which connection the 
loading pressure can be regulated as required by profiling. The zoning in this kind of zone- 
controlled shoe roll may comprise individual elements of the loading arrangement, in which 
connection the number of zones in the roll and in the loading arrangement may exceed 60 - 
as examples may be mentioned the shoe rolls marketed by the applicant under the trade- 
marks SymCD™ and SymCDS™, or the zoning may comprise a group of individual 
elements of the loading arrangement, in which connection the roll and the loading arrange- 
ment normally comprise eight zones - as examples may be mentioned the shoe rolls 
marketed by the applicant under the trademarks SymZ™, SymZS™, SymZL™, and 
SymZLC™. 

Shoe and/or extended-nip calendering has generally been found to be good for producing 
low-gloss paper grades, i.e. having a Hunter gloss % below 40, by calendering. When 
higher gloss is required, the nip pressure is, however, not sufficient to provide gloss. With 
ever-increasing running speeds, calendering is becoming a bottleneck in the papermaking 
process, and satisfactory quality is not achieved by today's machine calender units. Some 
of the drawbacks of the present papermaking process are also that 
the loss of bulk increases when gloss is improved, and 

in order to provide sufficient quality, it is necessary to use webs with an abundance of 
coating and/or to use off-line calendering, in particular multi-nip calendering, the 
known application of which is supercalendering, and/or soft calendering. 

The direction in the calendering technology is to an ever increasing degree towards on-line 
solutions even when the intention is to manufacture higher quality printing paper grades, 
such as SC and glossy coated papers. Fig. 1 illustrates how different printing paper grades 
are calendered today and, in particular, it can be seen where the calendering technology is 
heading in the near future. 
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a. Machine calendering is calendering in a calender unit in which nips are formed 
between non-resilient smooth-surface metal rolls placed one upon the other. The 
width of the nip in a machine calender is typically very small and the nip load in the 
nips is relatively high. 

b. Multi-roll calendering, the known applications of which include supercalendering 
and, for producing SC-A and LWC grades in particular, a multi-roll on-line or off-line 
calender which provides in off-line operation in practice the best result in terms of 
quality, is calendering in a calender unit in which nips are formed between a smooth- 
surface metal or cast iron roll and a roll coated with a resilient coating, such as a 
paper or polymer roll, in which connection a wide nip is formed. The resilient-surface 
roll conforms to the contours of the surface of paper and presses the opposite side of 
paper evenly against the smooth-surface metal roll. Because of the resilient-surface 
roll, the calendering time is also longer, wherefore in order to assure adequate 
capacity, the paper machine must be equipped today even with three multi-roll 
calenders. In a multi-roll calender there are today typically from one to two sets of 
rolls and 10 to 12 nips. For the purpose of treating both sides of the web, the supercal- 
ender comprises a so-called reversing nip in which there are two resilient-surface rolls 
placed against each other. The linear load in the multi-roll calender increases from the 
top nip to the bottom nip because of the gravity of the earth. By using relief of the 
rolls, this increase in load can be compensated for. This kind of multi-roll calender 
provided with the relieving of the rolls is the multi-roll calender marketed by the 
applicant under the trademark OptiLoad™. 

c. Soft calendering is calendering in a calender unit in which nips are formed in a 
manner similar to that of a multi-roll or supercalender between a smooth-surface 
metal roll and a roll covered with a resilient coating, in which connection a wide nip 
is formed. In a soft calender, each nip is formed between separate roll pairs, in which 
connection the nip load in individual nips can be adjusted in each individual nip, or 
between roll pairs in separate sets of rolls, in which connection the nip load can be 
adjusted in each individual set of rolls. The soft calender can be used as an on-line 
calender and it can replace the machine calenders of a paper machine. In order to treat 
both sides of the web in the calender, the order of the roll pairs or of the sets of rolls 
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forming the successive nips is reverse with respect to the web such that the resilient- 
surface roll or the resilient-surface rolls can be caused to work on both surfaces of the 
web. 

One object of the present invention is to eliminate or at least minimize the weaknesses and 
drawbacks associated with today's multi-roll calendering and to provide a new type of 
intermediate and/or middle roll for a multi-roll calender in order to improve the 
profitability of a fibrous web in the nips of a multi-roll calender, such as a multi-nip on- 
line or off-line calender, supercalender and/or soft calender. Another object of the present 
invention is to provide a calender that can be modified in a new, simple manner. 

These objectives are achieved according to the invention by means of a shoe roll of the 
kind mentioned at the beginning, the principal special features of the shoe roll being set 
forth in the characterizing part of the accompanying independent claim 1 . 

In the shoe roll according to the invention, the shoe rows loading and profiling the shell 
of the shoe roll are arranged in the direction of the nips of the shoe roll, and the shell of 
the shoe roll is made of a composite material, the properties of which are selected with a 
fibre orientation such that the shell is more rigid in the circumferential direction than in 
the axial direction. 

The calender according to one embodiment of the invention comprises two stacks of three 
rolls placed one upon the other, the rolls of the stacks being displaceable so as to provide 
one operation nip between the middle rolls or two operation nips in both stacks. 

Both of the stacks of three rolls placed one upon the other in the same calender frame of 
the calender have advantageously a thermo roll in the middle and a soft-surface roll above 
and underneath. The soft-surface rolls are advantageously rolls provided with a movable 
shell, which means that they can be displaced in the direction of the nip plane by displac- 
ing the shells in the radial direction. The movable-shell rolls are fixedly attached to the 
frame of the calender. In that connection, the lower movable-shell roll in the upper roll 
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stack and the upper movable-shell roll in the lower roll stack can be moved by displacing 
the shells into nip contact with each other and apart from nip contact with the middle roll 
of the upper roll stack and the middle roll of the lower roll stack, respectively. Likewise, 
the top roll in the upper roll stack and the bottom roll in the lower roll stack can be 
5 displaced by means of a movement of the roll shell taking place in the direction of the nip 
plane apart from the middle roll and back into nip contact with the middle roll. The rolls 
are fixedly attached to the frame at such distances from one another that all the nips can 
be opened by means of movements of the movable-shell rolls. 

10 With respect to the advantages of the shoe roll according to the invention it may be 
mentioned that the loading of the nip can be simultaneously changed by means of 
individual shoes or a group of shoes of the shoe rows which are loading the shell of the 
shoe roll and which are spaced from one another in the circumferential direction, i.e. the 
load of the nip can be increased and/or reduced, thereby providing successive nips which 

15 profile in the same way and enhance the result of calendering. The invention also makes 
it possible that all the nips of a multi-roll calender can now be made profiling nips by 
means of the shoe roll and that the top and/or the bottom roll of a multi-roll calender, such 
as a supercalender, can now be made a profiling top and/or bottom roll. 

20 In accordance with an embodiment of the invention regarded as particularly advantageous, 
the composite material is advantageously selected from a group which includes: 
continuous-fibre reinforced plastic; glass fibre; a composite of carbon fibres and/or epoxy. 

In order that the shell should be more rigid in the circumferential direction than in the 
25 axial direction, in an embodiment of the invention considered advantageous, the fibre 
orientation of the composite material has been accomplished such that a major proportion 
of the fibres has been wound at an angle of over 45° with respect to the axis of the roll. 
Advantageously, this winding angle is in the range of 70° - 90°. 

30 The invention enables the calender to be modified only by arranging the middle rolls (the 
top roll in the lower roll stack and the bottom roll in the upper roll stack) into nip contact 
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with each other and apart from each other into nip contact with the middle roll of their 
own stack. This allows, for example, symmetric calendering to be accomplished in four 
nips formed by hard-surface and soft-surface rolls while the nip formed between the top 
calender roll of the lower stack and the bottom roll of the upper stack is open, or matte 
5 calendering to be accomplished by passing the web out of the calender through the closed 
nip between the bottom roll of the upper stack and the top roll of the lower stack. By 
dimensioning the positioning of the roll shafts, the diameters of the roll shells and the 
distances of the radial movement of the roll shells in a suitable manner, the change can be 
accomplished only by displacing roll shells, i.e. separate transfer devices for displacement 
10 of the entire roll are not needed. 

With respect to the advantages of other details and the structural details of the invention, 
reference is made to the dependent claims of the accompanying set of claims. 

15 In the following, the invention will be described in more detail with reference to the 
accompanying patent drawings, in which 

Figure 1 shows how different printing paper grades are calendered today and, in particular, 
the direction in which the calendering technology is heading in the near future, 
Figure 2 is a schematic sectional view of a multi-roll calender, 
20 Figure 3 is a side view of a calender with nips open, 

Figure 4 shows a calender in a first running situation, and 
Figure 5 shows the calender in a second running situation. 

In the multi-roll calender shown in Fig. 2, the run of a fibrous web which is being 
25 calendered is as follows. The fibrous web W which is calendered enters a top nip YN 
between a top roll 1 of the multi-roll calender and an upper rigid-shell press roll 2 
provided with a smooth-surface metal or chilled shell 21, from which nip the fibrous web 
W runs around a guide member 3 (e.g. a guide roll) into an upper profiling nip PN1 
between the rigid-shell press roll 2 and an upper intermediate or middle roll 4 according 
30 to the invention, which roll is a shoe roll provided with a shell 41 of a composite material, 
after which the fibrous web W runs around a guide member 5 (e.g. a guide roll) into a 
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reversing nip KN between the upper middle roll 4 according to the invention, which roll 
is a shoe roll, and a lower intermediate or middle roll 6 according to the invention, which 
roll is a shoe roll and also has a shell 61 of a composite material, after which the fibrous 
web W runs around a guide member 7 (e.g. a guide roll) into a lower profiling nip PN2 
5 between a lower middle roll 6 according to the invention, which roll is a shoe roll, and a 
lower rigid-shell press roll 8 provided with a smooth-surface metal or chilled shell 81, 
after which the fibrous web W runs around a guide member 9 (e.g. a guide roll) into a 
bottom nip AN between the lower rigid-shell press roll 8 and a bottom roll 10 of the 
calender. 

10 

The upper middle roll 4 according to the invention comprises, according to the invention, 
a composite shell 41 and an upper shoe row 43 and a lower shoe row 42 which are 
arranged both at the profiling nip PN1 and at the reversing nip KN and which load and 
profile the upper profiling nip PN1 of the fibrous web, the reversing nip KN of the fibrous 

15 web and the composite shell 41 . The lower middle roll 6 is substantially identical with the 
upper middle roll 4. Thus, the lower middle roll 6 comprises, according to the invention, 
a composite shell 61 and an upper shoe row 62 and a lower shoe row 63 which are 
arranged both at the reversing nip KN and at the profiling nip PN2 and which load and 
profile the reversing nip KN of the fibrous web, the lower profiling nip PN2 and the 

20 composite shell 6 1 . 

In order to provide successive profiling nips, which profile in the same way and enhance 
the result of calendering, the reversing nip KN in the multi-roll calender is preceded by at 
least one profiling nip PN1 (as shown in Fig. 2) in which the metal or chilled shell 21 of 

25 the upper rigid-shell press roll 2 and the composite shell 41 of the upper middle roll 4 
according to the invention are placed against each other. In addition, for the purpose of 
enhancing the result of calendering, the reversing nip KN is followed by at least one 
profiling nip PN2 (as shown in Fig. 2) in which the composite shell 61 of the lower middle 
roll 6 according to the invention and the metal or chilled shell 81 of the lower rigid-shell 

30 press roll 8 are placed against each other. 
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In accordance with the invention, the properties of the composite material are selected 
with a fibre orientation such that the composite shell 41, 61 is considerably more rigid in 
the circumferential direction than in the axial direction, with the result that by changing 
the load of the shoe rows 42, 43, 62, 63, the profiles of the composite shell 41, 61, the 
profiling nip NP1, NP2 and/or the reversing nip KN can be changed. In that connection it 
becomes possible, among other things, to control the nip spacing and thus the linear load 
in the profiling nip PN1, PN2 and/or in the reversing nip KN and to correct any profile 
errors caused by different deflections of the rolls defining the nip by changing the profile 
of a roll shell or roll shells. 

In order to make all the nips of the calender such that they can be profiled and that they 
profile the fibrous web W, in the embodiment shown in Fig. 2, in addition to the middle 
rolls 4 and 6, shells 11 and 101 of the top roll 1 and the bottom roll of the calender, 
respectively, have also been made of a composite material, which is advantageously the 
same composite material as the composite material of the shells of the middle rolls 4, 6. 
Since the top and bottom rolls 1,10 have also been provided with an internal shoe row 12, 
103 loading the shell, the profiles of the composite shell 11, 101, the top nip YN and/or 
the bottom nip AN can be changed by changing the load of the shoe rows 12, 103. In that 
connection it becomes possible, among other things, to control the spacing of the nip YN, 
PN1, KN, PN2, AN and to correct any profile error caused by different deflection of the 
upper and lower rolls defining the nip by changing the profile of the roll shell. 

In accordance with an embodiment of the invention regarded as particularly advantageous, 
the composite material is selected from a group advantageously including: continuous- 
fibre reinforced plastic; glass fibre; a composite of carbon fibres and/or epoxy. 

In order that the shell should be more rigid in the circumferential direction than in the 
axial direction, in an embodiment of the invention considered advantageous, the fibre 
orientation of the composite material has been accomplished such that a major proportion 
of the fibres has been wound at an angle of over 45° with respect to the axis of the roll 1, 
4, 6, 10. Advantageously, this winding angle is in the range of 70° - 90°. 
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The shoe roll 1, 4, 6, 10 according to the invention is advantageously a hydraulically zone- 
controlled top roll, intermediate roll, middle roll or bottom roll of a calender, the composite 
shell 1 1, 41, 61, 101 of which roll is supported from a non-rotating central shaft of the roll 
by means of a hydrostatic loading arrangement 12;42;43; 62;63;103, such as a row of 
5 loading shoes which transfer the nip force acting on the composite shell rotating around the 
central shaft so as to be carried by the central shaft. 

Fig. 3 is a side view of a calender. Six rolls are placed one upon the other on a frame R of 
the calender, said rolls forming two stacks A and B of three rolls. In the upper roll stack A, 

10 the top and bottom rolls 1 and 4 are rolls provided with a movable shell, the shells of said 
rolls being displaceable in the radial direction in the direction of the nip plane passing 
through the axes of rotation of the rolls. The roll shells of said rolls 1 and 4 are soft-surface 
shells, for example, provided with a polymer coating. Between the top and bottom rolls 1, 
4 there is a hard heatable roll 2, i.e. a so-called thermo roll. The surface of this middle roll 

15 2 can be, for example, a smooth metal surface. 

In the lower roll stack B, in which the nip plane of the rolls is a continuation of the nip 
plane of the upper roll stack A, there are rolls which are identical with and in the same 
order as the rolls in the upper roll stack A, i.e. a middle hard heatable thermo roll 8 and, 
20 above and beneath it, a soft-surface movable-shell roll 6 and 10, respectively. 

The movable-shell rolls 1, 4, 6, and 10 are so-called Sym-rolls, inside which there are 
loading members applying a force in a radial direction, which members are located on a 
stationary shaft and distributed in different zones across the machine width and by means 
25 of which the roll shell can be displaced in a radial direction and, in particular, in the 
direction of the nip plane in order to open and close the nip formed by the roll and to load 
the roll in a controlled manner. 

The movable-shell soft rolls 1, 4, 6, and 10 in both roll stacks A, B have all identical 
30 measures and structure, and the middle rolls 3 and 8 in both roll stacks A, B have identical 
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measures and structure, with the result that only two types of rolls need be arranged as 
spare parts for the calender. 

The movable-shell rolls 1, 4, 6, and 10 are attached to the roll frame R by means of 
5 supports 13 which have substantially fixed positions and which support the stationary shaft 
of the roll at both ends. Even though Fig. 3 shows a horizontal bolt 14 for attaching the 
supports 13 to the calender frame R, other means of attachment can also be used by which 
the supports can be arranged to be in a fixed position on the frame. The bearing housings 
of the middle rolls 4 and 6 of the roll stacks A, B can be attached to the frame R by means 
10 of articulation supports and said rolls can be relieved hydraulically according to the known 
principles concerning sets of articulation rolls at both ends by means of a hydraulic cylinder 
acting between the bearing housing and the frame. 

The rolls are placed in two superimposed stacks A, B such that the movable-shell rolls 1, 
15 4, 6, and 10 can be displaced apart from the middle hard rolls 2 and 8, and the bottom roll 
4 of the upper roll stack and the top roll 6 of the lower roll stack are not in contact with 
each other, in which connection all the nips YN, PN1, KN, PN2, AN from top to bottom 
are open. Fig. 3 shows this situation. The distance d between the roll shells in the nips can 
be a few millimetres, for example, below 10 mm. 

20 

Fig. 4 shows a first running situation in which both nips YN, PN1 and PN2, AN of each 
roll stack A, B are closed, i.e. a calendering nip is formed on both sides of the heated 
thermo roll 2, 8 with the respective soft-surface roll 1, 4, 6, and 10. In other words, the 
web which is being calendered is run through four nips in total, which are all nips formed 
25 by a soft-surface roll and a hard heated roll. Between the roll stacks, the web runs through 
the open nip KN. The web will also be calendered symmetrically, i.e. in the first roll stack, 
the first surface is against a hard hot-surface roll and, in the next stack, the opposite surface 
is against a hard hot-surface roll. By regulating load and/or temperature, the different sides 
can also be treated differently in the successive roll stacks A, B. 

30 
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Fig, 5 shows a second running situation in which the bottom roll 4 in the upper roll stack 
A and the top roll 6 in the lower roll stack B have been moved apart from the middle roll 
2 and 8 of the respective roll stack, i.e. they have been moved into contact with each other 
in the direction of the nip plane in order to close the space left between the roll stacks, 
whereby the calendering nip KN is formed which is defined by a soft-surface roll on both 
sides. In this mode of running, the web to calendered is passed only through this nip KN in 
order to implement matte calendering. In this running mode, the rolls 4 and 6, Sym-rolls, 
are turned through 180° such that the loading members are placed at the calendering nip 
KN. If either roll or both rolls is/are provided with two series of loading members located 
inside the roll shell at a distance of 180° from each other, the roll need not be turned. 

The nip KN can also be formed such that the bottom roll 10 of the lower stack B and the 
middle roll 8 attached to the frame by means of articulation supports are lowered, with the 
result that the nip PN2 becomes free, and the bottom roll 4 of the upper stack A is lowered 
to form the nip KN. 

No separate loading cylinders are needed in the calender because loading can be accom- 
plished by means of the loading members located inside the shells of the Sym-rolls (soft- 
surface rolls 1, 4, 6, 10). 

Figs. 3-5 also show take-out rolls 3, 5, 7, 9 typical of the calender, by means of which the 
web W which is being calendered can be taken out of the nips and which have been placed 
on both sides of the roll stacks A,B. 

On-line calendering of paper is advantageously accomplished by means of the calender 
described above, in which connection it can be placed in a papermaking line. The calender 
is short in the machine direction, with the result that it is easy to place in an existing line, 
for example, in connection with rebuilds. Moreover, a change of the mode of running from 
the mode of calendering shown in Fig. 4 to the mode of calendering shown in Fig. 5 and 
vice versa is easy to accomplish. 
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Above, the invention has been described only by way of example by means of one of its 
embodiments regarded as advantageous. This is, of course, not intended to limit the 
invention and, as is clear to a person skilled in the art, many different alternative solutions 
and modifications are feasible within the inventive idea and its scope of protection defined 
in the accompanying claims. The wide usability of the present invention in almost all kinds 
of calendering applications, with the exception of pure machine calendering, shall be 
particularly noted. 

The shoe roll provided with a composite shell according to the invention enables the 
calender to be run and used with different nip combinations. Some of the nips can be kept 
open. For example, in the case shown in Fig. 2, the nips AN and PN2 can be left open, in 
which connection the web W is passed directly from the knip KN to reeling. In that 
connection, the calender shown in Fig. 2 can be arranged to comprise two nips by feeding 
pressure only for the shoe 43 in the roll 4 and leaving the shoe 42 without pressure. 
Thereby, a calender is provided which has two successive nips profiling the web W on the 
same side. When the shoes 12 and 43 above and beneath the nips YN and PN1 are 
simultaneously pressed or relieved, two successive nips can be provided which profile the 
web W in the same way, which enhances the outcome. 
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Claims 

1 A shoe roll for a calender, advantageously for a multi-roll on-line or off-line calender, 
soft calender or equivalent, which calender comprises at least one nip (YN, PN1, KN, PN2, 
5 AN) profiling a fibrous web (W) that is being calendered, characterized in that the shoe 
roll (1, 4, 6, 10) constitutes at least one of the calender rolls which define the nip (YN, 
PN1, KN, PN2, AN), that a shell (11, 41, 61, 101) of the shoe roll (1, 4, 6, 10) is of a 
composite material, and that the shoe roll (1, 4, 6, 10) is provided with internal shell- 
loading means (12, 42, 43, 62, 63, 103), advantageously loading shoes, for profiling the 
10 shell (1 1, 41, 61, 101), the nip (YN, PN1, KN, PN2, AN) and/or the fibrous web (W) as 
well as for controlling contact in the nip (YN, PN1, KN, PN2, AN). 

2. A shoe roll according to claim 1, characterized in that the shoe roll is a middle or 
intermediate roll (4, 6) in a multi-roll calender, a soft calender or equivalent, and that shoe 

15 rows (42, 43; 62, 63) loading and profiling the composite shell (41, 61) of the shoe roll are 
arranged parallel to the nips (PN1, KN, PN2) defined against the shoe roll. 

3. A shoe roll according to claim 1, characterized in that both middle or intermediate rolls 
(4, 6) in a multi-roll calender are composed of the shoe roll, and that shoe rows (42, 43; 

20 62, 63) loading and profiling the composite shell (41, 61) of the shoe roll are arranged 
parallel to the nips (PN1, KN, PN2) defined against the shoe roll. 



4. A shoe roll according to claim 2 or 3, characterized in that the shoe rows (42, 43; 62, 
63) are uniformly spaced with respect to one another in the circumferential direction of the 

25 composite shell (41, 61). 

5. A shoe roll according to any one of claims 1 to 3, characterized in that the shoe roll is 
atop roll (1) in a multi-roll or soft calender, and that shoe rows (12) loading and profiling 
the composite shell (1 1) of the shoe roll are arranged parallel to a top nip (YN) defined 

30 against the shoe roll. 
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6. A shoe roll according to any one of claims 1 to 3, characterized in that the shoe roll is 
a bottom roll (10) in a multi-roll or soft calender, and that the shoe rows (103) loading and 
profiling the composite shell (101) of the shoe roll are arranged parallel to a bottom nip 
(AN) defined against the shoe roll. 

7. A shoe roll according to any one of claims 1 to 6, characterized in that the properties 
of the composite shell of the shoe roll are achieved by a fibre orientation such that the 
composite shell is more rigid in the circumferential direction than in the axial direction. 

8. A shoe roll according to claim 7, characterized in that the composite material is 
selected from a group which advantageously includes: continuous-fibre reinforced plastic; 
glass fibre; a composite of carbon fibres and/or epoxy. 

9. A shoe roll according to claim 7, characterized in that in order to provide a shell which 
is more rigid in the circumferential direction in relation to the axial direction of the shoe roll 
(1, 4, 6, 10), the fibre orientation of the composite material has been accomplished such 
that a major proportion of the fibres has been wound at an angle of over 45° with respect 
to the axis of the roll (1, 4, 6, 10). 

10. A shoe roll according to claim 9, characterized in that the angle is advantageously in 
the range of 70° -90°. 

1 1. A shoe roll according to any one of claims 1 to 10, characterized in that the shoe roll 
(1, 4, 6, 10) is advantageously a hydraulically zone-controlled top roll, intermediate roll, 
middle roll or bottom roll of a calender, the composite shell (1 1, 41, 61, 101) of which is 
supported from a non-rotating central shaft of the roll by means of hydrostatic loading 
arrangements (12; 42, 43; 62, 63; 103), such as rows of loading shoes, which transfer the 
nip force directed at the composite shell rotating around the central shaft so as to be 
carried by the central shaft. 
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12. A shoe roll according to any one of the preceding claims 1 to 1 1, characterized in 
that, in calender operation, the shoe roll (6, 10) can be separated from nip (PN2, KN) 
forming contact with a press roll (8) or another shoe roll (4). 

13. A shoe roll according to any one of the preceding claims 1 to 12 in a calender in which 
there are two stacks (A,B) of three rolls placed one upon the other such that between the 
stacks there remains a space which is defined by a bottom roll (4) of the upper stack (A) 
and by a top roll (6) of the lower stack (B), characterized in that said two rolls (4, 6) can 
be separated from contact with rolls (2, 8) of their own roll stack (A B) into nip contact 
(KN) with each other. 

14. A shoe roll according to claim 13, characterized in that said two rolls (4, 6) that can 
be separated from contact are soft-surface rolls. 

15. A shoe roll according to claim 14, characterized in that the top roll (1) of the upper 
roll stack (A) and the bottom roll (10) of the lower roll stack (B) are also soft-surface rolls 
and the middle rolls (2, 8) of the roll stacks (A B) are hard rolls. 

16. A shoe roll according to claim 15, characterized in that the middle rolls (2, 8) are 
heatable thermo rolls. 

17. A shoe roll according to any one of the preceding claims 13 to 16, characterized in 
that at least the bottom roll (4) of the upper roll stack (A) and the top roll (6) of the lower 
roll stack (B) are fixedly mounted on a calender frame (R) such that their shells can be 
displaced in the direction of the roll stack with respect to supports (13) of the rolls. 

18. A calender according to claim 17, characterized in that at least the bottom roll (4) of 
the upper roll stack (A) and the top roll (6) of the lower roll stack (B) are provided with 
loading members located inside the roll shell. 
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BACKGROUND OF THE INVENTION 
[00021 The present invention relates to calendering of a fibrous web, such as a 
paper and board web.[ More specifically, the present invention relates to a shoe 
roll for a multi-roll calender according to the preamble of claim 1.] 

5 [00031 Calendering is a method by means of which the properties, in particular the 
thickness profile, smoothness, gloss, surface porosity and translucence of a web-like 
material, such as a paper web, are sought to be generally improved. In calendering 
the paper web is passed into a nip which is formed between rolls pressed against 
each other and in which the paper web is deformed by the action of temperature, 
10 moisture and nip pressure, in which connection the physical properties of the paper 
web can be affected by controlling the above-mentioned parameters and the time of 
action. The good physical properties attained by calendering lead to better print 
quality, thereby bringing a competitive advantage to the manufacturer of paper. 

[0004] Shoe and/or extended-nip calendering is calendering in a calender unit in 
15 which a nip is formed between a roll provided with a resilient shell, the shell of said 
roll being made, for example, of polyurethane, and a press roll or shoe roll which has 
a rigid shell and is provided with an internal loading shoe and which is made of 
metal, such as steel. 

[00051 In a multi-roll calender, the paper web is calendered by passing the web 
20 through nips defined between calender rolls arranged one upon the other to form a 
stack of rolls. The rolls are mounted on the frame of the calender and they are 
arranged to be in nip contact with one another such that the paper web can be 
calendered by passing it through the nips and by arranging a given load between the 
rolls in order to provide a linear load in the nip. For example, Finnish patent 95062, 
25 which corresponds to US patent 5,590,593, discloses a calender in which the two 
lowest rolls in a stack formed by four rolls are deflection-compensated rolls, 
advantageously zone-controlled rolls and they are mounted so as to be stationary, i.e. 
their bearing housings are rigidly suspended from supports mounted on the frame of 
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the calender. The two topmost rolls, of which the highest one is also a deflection- 
compensated roll, preferably a zone-controlled roll, are mounted to be movable such 
that their bearing housings are attached to loading arms pivotally mounted by means 
of articulated joints on the frame of the calender. The highest deflection- 
5 compensated roll can be provided with a resilient coating and the second topmost 

roll is a heatable so-called thermo roll. The lowest deflection-compensated roll in the 
roll stack can also be provided with a resilient coating. The calender has alternative 
modes of operation, such as, for example, passing the paper web to be calendered 
through all three nips with the nips closed or, by opening the topmost nips, through 
10 only two or one nip, respectively. It is mentioned that the advantages include, among 
other things, the fact that the calender principally provides all the same advantages 
as are achieved by conventional soft calenders, in addition to which the middle nip 
in the calender is a hard nip, by means of which caliper can be equalized. Moreover, 
the modifiability of the calender makes it suitable for many paper grades. 

15 [0006] Similar modifiable calenders are also disclosed in European application 
publication 890676 and in GB application publication 2,1 19,422. European 
application publication 890676 discloses a calender in which six rolls are attached to 
a frame to form a calender stack. The topmost roll is fixedly attached to the frame, 
the middle rolls are attached to loading arms, and the bottom roll is arranged in a 

20 carriage which can be displaced in a vertical direction in a guide. The topmost and 
lowermost rolls are deflection-compensated rolls, and the topmost and lowermost 
rolls as well as the two middle rolls are rolls provided with an elastic coating, while 
the second lowest roll and the second topmost roll are hard-surface rolls. It is typical 
of the calender that when the topmost and lowermost nips are closed, the other nips 

25 therebetween are open, so that the web can be calendered symmetrically by means of 
the topmost and the lowermost nip and conducted without calendering through the 
open nips and via the take-out rolls situated adjacent to the rolls which form the 
opened nips. 

[00071 GB application publication 2,1 19,422 in turn relates to an arrangement in 
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which two stacks of three rolls are placed adjacent to each other on the same 
calender frame, the middle roll in each of said stacks being a hard roll and fixedly 
mounted on the frame and the soft rolls situated on both sides of the middle roll 
being displaceable to an operating position into nip contact with the hard-surface roll 
5 and away from it. These rolls situated in both stacks above and beneath the hard roll 
are deflection-controlled rolls. One of the soft-surface rolls in each roll stack serves 
only as a spare roll, which can be employed when the soft-surface roll proper which 
is in nip contact, for instance, becomes damaged, and thus the calender operates in 
practice as a double nip calender formed by two roll pairs. 

10 [00081 Figs. 5D and 5E of US patent 4,332,191 show a calender which comprises 
two stacks of three rolls placed one upon the other, in which the middle roll in the 
upper stack is a soft roll and all rolls in the lower stack are hard rolls. Moreover, the 
calender includes a stack of three rolls on the other side of the frame, the middle roll 
in the stack being soft. The web can be calendered by passing it via the stacks 

15 provided with a soft middle roll or, by lowering the bottom roll of the upper stack 
into contact with the lower stack, a stack of four hard rolls is provided, and the web 
is passed through three nips of said stack. 

r00091 There is also known a soft calender under the name of OPTIGLOSS™, 
which comprises two separate sets of three rolls, in both of which the middle roll is a 
20 hard thermo roll and there is a soft-surface roll on both sides of it. This provides a 
calender having 6 rolls and 4 nips in all. 

[0010] As described above, it is typical of all calender structures that nips are opened 
by means of loading arms or by displacing other support structures supporting the 
calender roll, such as a carriage supporting the roll in guides extending parallel to the roll 
25 stack. This is necessary in order that the nips may be opened when changing the mode of 
calendering, i.e. the number or location of the nips which are calendering, for example, 
when the paper grade to be produced is changed. Likewise, it is typical of previous 
arrangements, like EP890676, that the mode of calendering is changed by opening some 
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of the nips and by passing the web through the remaining closed nips. This leads to the 
fact that many rolls have to be moved. 

[001 11 Shoe rolls are typically hydraulically deflection-compensated, zone-controlled 
rolls in which the shell is supported from a non-rotating central shaft of the roll by 

5 means of a hydrostatic loading arrangement, such as a row of loading shoes, which 
transfer the nip force acting on the shell rotating around the central shaft so as to be 
carried by the central shaft. The loading element is generally also divided into zones, in 
which connection the loading pressure can be regulated as required by profiling. The 
zoning in this kind of zone-controlled shoe roll may comprise individual elements of the 

10 loading arrangement, in which connection the number of zones in the roll and in the 

loading arrangement may exceed 60 as examples may be mentioned the shoe rolls 
marketed by the [applicantl Metso Paper, Inc. under the trademarks SymCD™ and 
SymCDS™, or the zoning may comprise a group of individual elements of the loading 
arrangement, in which connection the roll and the loading arrangement normally 

15 comprise eight zones [-]— as examples may be mentioned the shoe rolls marketed by [the 
applicant] Metso Paper, Inc. under the trademarks SymZ™, SymZS™, SymZL™, and 
SymZLC™. 

[00121 Shoe and/or extended-nip calendering has generally been found to be good for 
producing low-gloss paper grades, i.e. having a Hunter gloss % below 40, by 
20 calendering. When higher gloss is required, the nip pressure is, however, not sufficient to 
provide gloss. With ever-increasing running speeds, calendering is becoming a 
bottleneck in the papermaking process, and satisfactory quality is not achieved by 
today's machine calender units. Some of the drawbacks of the present papermaking 
process are also that 
25 - the loss of bulk increases when gloss is improved, and 

in order to provide sufficient quality, it is necessary to use webs with an abundance 
of coating and/or to use off-line calendering, in particular multi-nip calendering, the 
known application of which is supercalendering, and/or soft calendering. 
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[00131 The direction in the calendering technology is to an ever increasing degree 
towards on-line solutions even when the intention is to manufacture higher quality 
printing paper grades, such as SC and glossy coated papers. Fig. 1 illustrates how 
different printing paper grades are calendered today and, in particular, it can be seen 
where the calendering technology is heading in the near future. 

[00141 a. Machine calendering is calendering in a calender unit in which nips 

are formed between non-resilient smooth-surface metal rolls placed one upon the 
other. The width of the nip in a machine calender is typically very small and the nip 
load in the nips is relatively high. 

[00151 b . Multi-roll calendering, the known applications of which include 

supercalendering and, for producing SC-A and LWC grades in particular, a multi- 
roll on-line or off-line calender which provides in off-line operation in practice the 
best result in terms of quality, is calendering in a calender unit in which nips are 
formed between a smooth-surface metal or cast iron roll and a roll coated with a 
resilient coating, such as a paper or polymer roll, in which connection a wide nip is 
formed. The resilient-surface roll conforms to the contours of the surface of paper 
and presses the opposite side of paper evenly against the smooth-surface metal roll. 
Because of the resilient-surface roll, the calendering time is also longer, wherefore 
in order to assure adequate capacity, the paper machine must be equipped today 
even with three multi-roll calenders. In a multi-roll calender there are today 
typically from one to two sets of rolls and 10 to 12 nips. For the purpose of treating 
both sides of the web, the supercalender comprises a so-called reversing nip in 
which there are two resilient-surface rolls placed against each other. The linear load 
in the multi-roll calender increases from the top nip to the bottom nip because of the 
gravity of the earth. By using relief of the rolls, this increase in load can be 
compensated for. This kind of multi-roll calender provided with the relieving of the 
rolls is the multi-roll calender marketed by [the applicant! Metso Paper, Inc. under 
the trademark OptiLoad™. 

[00161 c. Soft calendering is calendering in a calender unit in which nips are 

formed in a manner similar to that of a multi-roll or supercalender between a 
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smooth-surface metal roll and a roll covered with a resilient coating, in which 
connection a wide nip is formed. In a soft calender, each nip is formed between 
separate roll pairs, in which connection the nip load in individual nips can be 
adjusted in each individual nip, or between roll pairs in separate sets of rolls, in 

5 which connection the nip load can be adjusted in each individual set of rolls. The 

soft calender can be used as an on-line calender and it can replace the machine 
calenders of a paper machine. In order to treat both sides of the web in the calender, 
the order of the roll pairs or of the sets of rolls forming the successive nips is reverse 
with respect to the web such that the resilient-surface roll or the resilient-surface 

10 rolls can be caused to work on both surfaces of the web. 

SUMMARY OF THE INVENTION 
[00171 One object of the present invention is to eliminate or at least minimize the 
weaknesses and drawbacks associated with today's multi-roll calendering and to provide 
a new type of intermediate and/or middle roll for a multi-roll calender in order to 
15 improve the profitability of a fibrous web in the nips of a multi-roll calender, such as a 
multi-nip on-line or off-line calender, supercalender and/or soft calender. Another object 
of the present invention is to provide a calender that can be modified in a new, simple 
manner. 

[These objectives are achieved according to the invention by means of a shoe roll of 
20 the kind mentioned at the beginning, the principal special features of the shoe roll 
being set forth in the characterizing part of the accompanying independent claim 1. 

1 100181 In the shoe roll according to the invention, the shoe rows loading and profiling 
the shell of the shoe roll are arranged in the direction of the nips of the shoe roll, and the 
shell of the shoe roll is made of a composite material, the properties of which are 
25 selected with a fibre orientation such that the shell is more rigid in the circumferential 
direction than in the axial direction. 

[00191 The calender according to one embodiment of the invention comprises two 
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stacks of three rolls placed one upon the other, the rolls of the stacks being displaceable 
so as to provide one operation nip between the middle rolls or two operation nips in both 
stacks. 

[0020] Both of the stacks of three rolls placed one upon the other in the same calender 
5 frame of the calender have advantageously a thermo roll in the middle and a soft-surface 
roll above and underneath. The soft-surface rolls are advantageously rolls provided with 
a movable shell, which means that they can be displaced in the direction of the nip plane 
by displacing the shells in the radial direction. The movable-shell rolls are fixedly 
attached to the frame of the calender. In that connection, the lower movable-shell roll in 

10 the upper roll stack and the upper movable-shell roll in the lower roll stack can be 
moved by displacing the shells into nip contact with each other and apart from nip 
contact with the middle roll of the upper roll stack and the middle roll of the lower roll 
stack, respectively. Likewise, the top roll in the upper roll stack and the bottom roll in the 
lower roll stack can be displaced by means of a movement of the roll shell taking place 

15 in the direction of the nip plane apart from the middle roll and back into nip contact with 
the middle roll. The rolls are fixedly attached to the frame at such distances from one 
another that all the nips can be opened by means of movements of the movable-shell 
rolls. 

[0021] With respect to the advantages of the shoe roll according to the invention it 
20 may be mentioned that the loading of the nip can be simultaneously changed by means 
of individual shoes or a group of shoes of the shoe rows which are loading the shell of 
the shoe roll and which are spaced from one another in the circumferential direction, i.e. 
the load of the nip can be increased and/or reduced, thereby providing successive nips 
which profile in the same way and enhance the result of calendering. The invention also 
25 makes it possible that all the nips of a multi-roll calender can now be made profiling nips 
by means of the shoe roll and that the top and/or the bottom roll of a multi-roll calender, 
such as a supercalender, can now be made a profiling top and/or bottom roll. 

[00221 In accordance with an embodiment of the invention regarded as particularly 
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advantageous, the composite material is advantageously selected from a group which 
includes: continuous!-] -fibre reinforced plastic; glass fibre; a composite of carbon fibres 
and/or epoxy. 

[00231 In order that the shell should be more rigid in the circumferential direction than 
5 in the axial direction, in an embodiment of the invention considered advantageous, the 
fibre orientation of the composite material has been accomplished such that a major 
proportion of the fibres has been wound at an angle of over 45° with respect to the axis 
of the roll. Advantageously, this winding angle is in the range of 70° [ - ] = 90°. 

100241 The invention enables the calender to be modified only by arranging the middle 
10 rolls (the top roll in the lower roll stack and the bottom roll in the upper roll stack) into 
nip contact with each other and apart from each other into nip contact with the middle 
roll of their own stack. This allows, for example, symmetric calendering to be 
accomplished in four nips formed by hard-surface and soft-surface rolls while the nip 
formed between the top calender roll of the lower stack and the bottom roll of the upper 
15 stack is open, or matte calendering to be accomplished by passing the web out of the 
calender through the closed nip between the bottom roll of the upper stack and the top 
roll of the lower stack. By dimensioning the positioning of the roll shafts, the diameters 
of the roll shells and the distances of the radial movement of the roll shells in a suitable 
manner, the change can be accomplished only by displacing roll shells, i.e. separate 
20 transfer devices for displacement of the entire roll are not needed. 

[00251 With respect to the advantages of other details and the structural details of the 
invention, reference is made to the dependent claims of the accompanying set of claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00261 In the following, the invention will be described in more detail with reference 
25 to the accompanying patent drawings, in which 

[00271 Figure 1 shows how different printing paper grades are calendered today and, in 
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particular, the direction in which the calendering technology is heading in the near 
future, 

[00281 Figure 2 is a schematic sectional view of a multi-roll calender, 

[00291 Figure 3 is a side view of a calender with nips open, 

5 [00301 Figure 4 shows a calender in a first running situation, and 

[00311 Figure 5 shows the calender in a second running situation. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00321 In the multi-roll calender shown in Fig. 2, the run of a fibrous web which is 
being calendered is as follows. The fibrous web W which is calendered enters a top nip 

10 YN between a top roll 1 of the multi-roll calender and an upper rigid-shell press roll 2 
provided with a smooth-surface metal or chilled shell 2 1 , from which nip the fibrous 
web W runs around a guide member 3 (e.g. a guide roll) into an upper profiling nip PN1 
between the rigid-shell press roll 2 and an upper intermediate or middle roll 4 according 
to the invention, which roll is a shoe roll provided with a shell 41 of a composite 

15 material, after which the fibrous web W runs around a guide member 5 (e.g. a guide roll) 
into a reversing nip KN between the upper middle roll 4 according to the invention, 
which roll is a shoe roll, and a lower intermediate or middle roll 6 according to the 
invention, which roll is a shoe roll and also has a shell 61 of a composite material, after 
which the fibrous web W runs around a guide member 7 (e.g. a guide roll) into a lower 

20 profiling nip PN2 between a lower middle roll 6 according to the invention, which roll is 
a shoe roll, and a lower rigid-shell press roll 8 provided with a smooth-surface metal or 
chilled shell 81, after which the fibrous web W runs around a guide member 9 (e.g. a 
guide roll) into a bottom nip AN between the lower rigid-shell press roll 8 and a bottom 
roll 10 of the calender. 

25 100331 The upper middle roll 4 according to the invention comprises, according to the 
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invention, a composite shell 41 and an upper shoe row 43 and a lower shoe row 42 
which are arranged both at the profiling nip PN 1 and at the reversing nip KN and which 
load and profile the upper profiling nip PN 1 of the fibrous web, the reversing nip KN of 
the fibrous web and the composite shell 41. The lower middle roll 6 is substantially 
5 identical with the upper middle roll 4. Thus, the lower middle roll 6 comprises, 

according to the invention, a composite shell 61 and an upper shoe row 62 and a lower 
shoe row 63 which are arranged both at the reversing nip KN and at the profiling nip 
PN2 and which load and profile the reversing nip KN of the fibrous web, the lower 
profiling nip PN2 and the composite shell 61. 

1 o [00341 In order to provide successive profiling nips, which profile in the same way and 
enhance the result of calendering, the reversing nip KN in the multi-roll calender is 
preceded by at least one profiling nip PN1 (as shown in Fig. 2) in which the metal or 
chilled shell 21 of the upper rigid-shell press roll 2 and the composite shell 41 of the 
upper middle roll 4 according to the invention are placed against each other. In addition, 

15 for the purpose of enhancing the result of calendering, the reversing nip KN is followed 
by at least one profiling nip PN2 (as shown in Fig. 2) in which the composite shell 61 of 
the lower middle roll 6 according to the invention and the metal or chilled shell 81 of the 
lower rigid-shell press roll 8 are placed against each other. 

[0035] In accordance with the invention, the properties of the composite material are 
20 selected with a fibre orientation such that the composite shell 41, 61 is considerably 

more rigid in the circumferential direction than in the axial direction, with the result that 
by changing the load of the shoe rows 42, 43, 62, 63, the profiles of the composite shell 
41,61, the profiling nip NP1 , NP2 and/or the reversing nip KN can be changed. In that 
connection it becomes possible, among other things, to control the nip spacing and thus 
25 the linear load in the profiling nip PN1, PN2 and/or in the reversing nip KN and to 

correct any profile errors caused by different deflections of the rolls defining the nip by 
changing the profile of a roll shell or roll shells. 

[00361 In order to make all the nips of the calender such that they can be profiled and 
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that they profile the fibrous web W, in the embodiment shown in Fig. 2, in addition to 
the middle rolls 4 and 6, shells 1 1 and 101 of the top roll 1 and the bottom roll of the 
calender, respectively, have also been made of a composite material, which is 
advantageously the same composite material as the composite material of the shells of 
5 the middle rolls 4, 6. Since the top and bottom rolls 1,10 have also been provided with 
an internal shoe row 12, 103 loading the shell, the profiles of the composite shell 11, 
101, the top nip YN and/or the bottom nip AN can be changed by changing the load of 
the shoe rows 12, 103. In that connection it becomes possible, among other things, to 
control the spacing of the nip YN, PN1 , KN, PN2, AN and to correct any profile error 
10 caused by different deflection of the upper and lower rolls defining the nip by changing 
the profile of the roll shell. 

[0037] In accordance with an embodiment of the invention regarded as particularly 
advantageous, the composite material is selected from a group advantageously 
including: continuous-fibre reinforced plastic; glass fibre; a composite of carbon fibres 
15 and/or epoxy. 

[00381 In order that the shell should be more rigid in the circumferential direction than 
in the axial direction, in an embodiment of the invention considered advantageous, the 
fibre orientation of the composite material has been accomplished such that a major 
proportion of the fibres has been wound at an angle of over 45° with respect to the axis 
20 of the roll 1, 4, 6, 10. Advantageously, this winding angle is in the range of 70° [ - 1—90°. 

[00391 The shoe roll 1, 4, 6, 10 according to the invention is advantageously a 
hydraulically zone-controlled top roll, intermediate roll, middle roll or bottom roll of a 
calender, the composite shell 11,41,61, 101 of which roll is supported from a non- 
rotating central shaft of the roll by means of a hydrostatic loading arrangement 12;_42; 
25 43; 62;_63;_103, such as a row of loading shoes which transfer the nip force acting on the 
composite shell rotating around the central shaft so as to be carried by the central shaft. 

[00401 Fig. 3 is a side view of a calender. Six rolls are placed one upon the other on a 



Page 12 of 17 



:l. O 0 7' O ill 3 M /0«3Mn:i! CiiS 



frame R of the calender, said rolls forming two stacks A and B of three rolls. In the 
upper roll stack A, the top and bottom rolls 1 and 4 are rolls provided with a movable 
shell, the shells of said rolls being displaceable in the radial direction in the direction of 
the nip plane passing through the axes of rotation of the rolls. The roll shells of said rolls 
5 1 and 4 are soft-surface shells, for example, provided with a polymer coating. Between 
the top and bottom rolls 1, 4 there is a hard heatable roll 2, i.e. a so-called thermo roll. 
The surface of this middle roll 2 can be, for example, a smooth metal surface. 

[00411 In the lower roll stack B, in which the nip plane of the rolls is a continuation of 
the nip plane of the upper roll stack A, there are rolls which are identical with and in the 
10 same order as the rolls in the upper roll stack A, i.e. a middle hard heatable thermo roll 8 
and, above and beneath it, a soft-surface movable-shell roll 6 and 10, respectively. 

100421 The movable-shell rolls 1, 4, 6, and 10 are so-called Sym-rolls, inside which 
there are loading members applying a force in a radial direction, which members are 
located on a stationary shaft and distributed in different zones across the machine width 
15 and by means of which the roll shell can be displaced in a radial direction and, in 

particular, in the direction of the nip plane in order to open and close the nip formed by 
the roll and to load the roll in a controlled manner. 

[00431 The movable-shell soft rolls 1, 4, 6, and 10 in both roll stacks A, B have all 
identical measures and structure, and the middle rolls 3 and 8 in both roll stacks A, B 
20 have identical measures and structure, with the result that only two types of rolls need be 
arranged as spare parts for the calender. 

[00441 The movable-shell rolls 1, 4, 6, and 10 are attached to the roll frame R by 
means of supports 13 which have substantially fixed positions and which support the 
stationary shaft of the roll at both ends. Even though Fig. 3 shows a horizontal bolt 14 
25 for attaching the supports 1 3 to the calender frame R, other means of attachment can 
also be used by which the supports can be arranged to be in a fixed position on the 
frame. The bearing housings of the middle rolls 4 and 6 of the roll stacks A, B can be 
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attached to the frame R by means of articulation supports and said rolls can be relieved 
hydraulically according to the known principles concerning sets of articulation rolls at 
both ends by means of a hydraulic cylinder acting between the bearing housing and the 
frame. 

[00451 The rolls are placed in two superimposed stacks A, B such that the movable- 
shell rolls 1, 4, 6, and 10 can be displaced apart from the middle hard rolls 2 and 8, and 
the bottom roll 4 of the upper roll stack and the top roll 6 of the lower roll stack are not 
in contact with each other, in which connection all the nips YN, PN1, KN, PN2, AN 
from top to bottom are open. Fig. 3 shows this situation. The distance d between the roll 
shells in the nips can be a few millimetres, for example, below 10 mm. 

[00461 Fig. 4 shows a first running situation in which both nips YN, PN1 and PN2, 
AN of each roll stack A, B are closed, i.e. a calendering nip is formed on both sides of 
the heated thermo roll 2, 8 with the respective soft-surface roll 1, 4, 6, and 10. In other 
words, the web which is being calendered is run through four nips in total, which are all 
nips formed by a soft-surface roll and a hard heated roll. Between the roll stacks, the web 
runs through the open nip KN. The web will also be calendered symmetrically, i.e. in the 
first roll stack, the first surface is against a hard hot-surface roll and, in the next stack, the 
opposite surface is against a hard hot-surface roll. By regulating load and/or 
temperature, the different sides can also be treated differently in the successive roll 
stacks A, B. 

[00471 Fig. 5 shows a second running situation in which the bottom roll 4 in the upper 
roll stack A and the top roll 6 in the lower roll stack B have been moved apart from the 
middle roll 2 and 8 of the respective roll stack, i.e. they have been moved into contact 
with each other in the direction of the nip plane in order to close the space left between 
the roll stacks, whereby the calendering nip KN is formed which is defined by a soft- 
surface roll on both sides. In this mode of running, the web to calendered is passed only 
through this nip KN in order to implement matte calendering. In this running mode, the 
rolls 4 and 6, Sym-rolls, are turned through 1 80° such that the loading members are 
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placed at the calendering nip KN. If either roll or both rolls is/are provided with two 
series of loading members located inside the roll shell at a distance of 180° from each 
other, the roll need not be turned. 

[00481 The nip KN can also be formed such that the bottom roll 10 of the lower stack 
5 B and the middle roll 8 attached to the frame by means of articulation supports are 
lowered, with the result that the nip PN2 becomes free, and the bottom roll 4 of the 
upper stack A is lowered to form the nip KN. 

[00491 No separate loading cylinders are needed in the calender because loading can 
be accomplished by means of the loading members located inside the shells of the Sym- 
10 rolls (soft-surface rolls 1, 4, 6, 10). 

[00501 Figs. 3[-]-5 also show take-out rolls 3, 5, 7, 9 typical of the calender, by means 
of which the web W which is being calendered can be taken out of the nips and which 
have been placed on both sides of the roll stacks A,B. 

[00511 On-line calendering of paper is advantageously accomplished by means of the 
15 calender described above, in which connection it can be placed in a papermaking line. 

The calender is short in the machine direction, with the result that it is easy to place in an 
existing line, for example, in connection with rebuilds. Moreover, a change of the mode 
of running from the mode of calendering shown in Fig. 4 to the mode of calendering 
shown in Fig. 5 and vice versa is easy to accomplish. 

20 [0052) Above, the invention has been described only by way of example by means of 
one of its embodiments regarded as advantageous. This is, of course, not intended to 
limit the invention and, as is clear to a person skilled in the art, many different 
alternative solutions and modifications are feasible within the inventive idea and its 
scope of protection defined in the accompanying claims. The wide usability of the 

25 present invention in almost all kinds of calendering applications, with the exception of 
pure machine calendering, shall be particularly noted. 
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[00531 The shoe roll provided with a composite shell according to the invention 
enables the calender to be run and used with different nip combinations. Some of the 
nips can be kept open. For example, in the case shown in Fig. 2, the nips AN and PN2 
can be left open, in which connection the web W is passed directly from the knip KN to 
5 reeling. In that connection, the calender shown in Fig. 2 can be arranged to comprise two 
nips by feeding pressure only for the shoe 43 in the roll 4 and leaving the shoe 42 
without pressure. Thereby, a calender is provided which has two successive nips 
profiling the web W on the same side. When the shoes 12 and 43 above and beneath the 
nips YN and PN1 are simultaneously pressed or relieved, two successive nips can be 
10 provided which profile the web W in the same way, which enhances the outcome. 
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[ 

Abstract 

The present invention relates to calendering of a fibrous web. More specifically, the 
invention relates to a shoe roll for a calender, advantageously a] 

ABSTRACT OF THE DISCLOSURE 

A multi-roll calender, [a ]supercalender,[ a] soft calender or equivalent!, which 
calender comprises! has at least one nip (YN, PN1, KN, PN2, AN) profiling [the] a 
fibrous web (W) which is being calendered. [According to the invention, 

the] A shoe roll (1, 4, 6, 10) constitutes at least one of the calender rolls which 
define the nip[, 

a], A shell (11,41,61, 101) of the shoe roll is of a composite material, and [ 
]the shoe roll is provided with internal shell-loading shoes (12, 42, 43, 62, 63, 
103) for profiling the shell, the nip and/or the fibrous web.[ 

(FIG. 2)] 
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BACKGROUND OF THE INVENTION 
[0002] The present invention relates to calendering of a fibrous web, such as a 
paper and board web. 

[0003] Calendering is a method by means of which the properties, in particular the 
thickness profile, smoothness, gloss, surface porosity and translucence of a web-like 
material, such as a paper web, are sought to be generally improved. In calendering 
the paper web is passed into a nip which is formed between rolls pressed against 
each other and in which the paper web is deformed by the action of temperature, 
moisture and nip pressure, in which connection the physical properties of the paper 
web can be affected by controlling the above-mentioned parameters and the time of 
action. The good physical properties attained by calendering lead to better print 
quality, thereby bringing a competitive advantage to the manufacturer of paper. 

[0004] Shoe and/or extended-nip calendering is calendering in a calender unit in 
which a nip is formed between a roll provided with a resilient shell, the shell of said 
roll being made, for example, of polyurethane, and a press roll or shoe roll which has 
a rigid shell and is provided with an internal loading shoe and which is made of 
metal, such as steel. 

[0005] In a multi-roll calender, the paper web is calendered by passing the web 
through nips defined between calender rolls arranged one upon the other to form a 
stack of rolls. The rolls are mounted on the frame of the calender and they are 
arranged to be in nip contact with one another such that the paper web can be 
calendered by passing it through the nips and by arranging a given load between the 
rolls in order to provide a linear load in the nip. For example, Finnish patent 95062, 
which corresponds to US patent 5,590,593, discloses a calender in which the two 
lowest rolls in a stack formed by four rolls are deflection-compensated rolls, 
advantageously zone-controlled rolls and they are mounted so as to be stationary, i.e. 
their bearing housings are rigidly suspended from supports mounted on the frame of 
the calender. The two topmost rolls, of which the highest one is also a deflection- 
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compensated roll, preferably a zone-controlled roll, are mounted to be movable such 
that their bearing housings are attached to loading anus pivotally mounted by means 
of articulated joints on the frame of the calender. The highest deflection- 
compensated roll can be provided with a resilient coating and the second topmost 
roll is a heatable so-called thermo roll. The lowest deflection-compensated roll in the 
roll stack can also be provided with a resilient coating. The calender has alternative 
modes of operation, such as, for example, passing the paper web to be calendered 
through all three nips with the nips closed or, by opening the topmost nips, through 
only two or one nip, respectively. It is mentioned that the advantages include, among 
other things, the fact that the calender principally provides all the same advantages 
as are achieved by conventional soft calenders, in addition to which the middle nip 
in the calender is a hard nip, by means of which caliper can be equalized. Moreover, 
the modifiability of the calender makes it suitable for many paper grades. 

[0006] Similar modifiable calenders are also disclosed in European application 
publication 890676 and in GB application publication 2,1 19,422. European 
application publication 890676 discloses a calender in which six rolls are attached to 
a frame to form a calender stack. The topmost roll is fixedly attached to the frame, 
the middle rolls are attached to loading arms, and the bottom roll is arranged in a 
carriage which can be displaced in a vertical direction in a guide. The topmost and 
lowermost rolls are deflection-compensated rolls, and the topmost and lowermost 
rolls as well as the two middle rolls are rolls provided with an elastic coating, while 
the second lowest roll and the second topmost roll are hard-surface rolls. It is typical 
of the calender that when the topmost and lowermost nips are closed, the other nips 
therebetween are open, so that the web can be calendered symmetrically by means of 
the topmost and the lowermost nip and conducted without calendering through the 
open nips and via the take-out rolls situated adjacent to the rolls which form the 
opened nips. 

[0007] GB application publication 2,1 19,422 in turn relates to an arrangement in 
which two stacks of three rolls are placed adjacent to each other on the same 
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calender frame, the middle roll in each of said stacks being a hard roll and fixedly 
mounted on the frame and the soft rolls situated on both sides of the middle roll 
being displaceable to an operating position into nip contact with the hard-surface roll 
and away from it. These rolls situated in both stacks above and beneath the hard roll 
are deflection-controlled rolls. One of the soft-surface rolls in each roll stack serves 
only as a spare roll, which can be employed when the soft-surface roll proper which 
is in nip contact, for instance, becomes damaged, and thus the calender operates in 
practice as a double nip calender formed by two roll pairs. 

[0008] Figs. 5D and 5E of US patent 4,332,191 show a calender which comprises 
two stacks of three rolls placed one upon the other, in which the middle roll in the 
upper stack is a soft roll and all rolls in the lower stack are hard rolls. Moreover, the 
calender includes a stack of three rolls on the other side of the frame, the middle roll 
in the stack being soft. The web can be calendered by passing it via the stacks 
provided with a soft middle roll or, by lowering the bottom roll of the upper stack 
into contact with the lower stack, a stack of four hard rolls is provided, and the web 
is passed through three nips of said stack. 

[0009] There is also known a soft calender under the name of OPTIGLOSS™, 
which comprises two separate sets of three rolls, in both of which the middle roll is a 
hard thermo roll and there is a soft-surface roll on both sides of it. This provides a 
calender having 6 rolls and 4 nips in all. 

[0010] As described above, it is typical of all calender structures that nips are opened 
by means of loading arms or by displacing other support structures supporting the 
calender roll, such as a carriage supporting the roll in guides extending parallel to the roll 
stack. This is necessary in order that the nips may be opened when changing the mode of 
calendering, i.e. the number or location of the nips which are calendering, for example, 
when the paper grade to be produced is changed. Likewise, it is typical of previous 
arrangements, like EP890676, that the mode of calendering is changed by opening some 
of the nips and by passing the web through the remaining closed nips. This leads to the 
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fact that many rolls have to be moved. 

[001 1] Shoe rolls are typically hydraulically deflection-compensated, zone-controlled 
rolls in which the shell is supported from a non-rotating central shaft of the roll by 
means of a hydrostatic loading arrangement, such as a row of loading shoes, which 

5 transfer the nip force acting on the shell rotating around the central shaft so as to be 

carried by the central shaft. The loading element is generally also divided into zones, in 
which connection the loading pressure can be regulated as required by profiling. The 
zoning in this kind of zone-controlled shoe roll may comprise individual elements of the 
loading arrangement, in which connection the number of zones in the roll and in the 

10 loading arrangement may exceed 60 - as examples may be mentioned the shoe rolls 

marketed by the Metso Paper, Inc. under the trademarks SymCD™ and SymCDS™, or 
the zoning may comprise a group of individual elements of the loading arrangement, in 
which connection the roll and the loading arrangement normally comprise eight zones - 
as examples may be mentioned the shoe rolls marketed by Metso Paper, Inc. under the 

15 trademarks SymZ™, SymZS™, SymZL™, and SymZLC™. 

[0012] Shoe and/or extended-nip calendering has generally been found to be good for 
producing low-gloss paper grades, i.e. having a Hunter gloss % below 40, by 
calendering. When higher gloss is required, the nip pressure is, however, not sufficient to 
provide gloss. With ever-increasing running speeds, calendering is becoming a 
20 bottleneck in the papermaking process, and satisfactory quality is not achieved by 
today's machine calender units. Some of the drawbacks of the present papermaking 
process are also that 

the loss of bulk increases when gloss is improved, and 

in order to provide sufficient quality, it is necessary to use webs with an abundance 
25 of coating and/or to use off-line calendering, in particular multi-nip calendering, the 

known application of which is supercalendering, and/or soft calendering. 

[001 3] The direction in the calendering technology is to an ever increasing degree 
towards on-line solutions even when the intention is to manufacture higher quality 
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printing paper grades, such as SC and glossy coated papers. Fig. 1 illustrates how 
different printing paper grades are calendered today and, in particular, it can be seen 
where the calendering technology is heading in the near future. 

[0014] a. Machine calendering is calendering in a calender unit in which nips 

are formed between non-resilient smooth-surface metal rolls placed one upon the 
other. The width of the nip in a machine calender is typically very small and the nip 
load in the nips is relatively high. 

[0015] b. Multi-roll calendering, the known applications of which include 

supercalendering and, for producing SC-A and LWC grades in particular, a multi- 
roll on-line or off-line calender which provides in off-line operation in practice the 
best result in terms of quality, is calendering in a calender unit in which nips are 
formed between a smooth-surface metal or cast iron roll and a roll coated with a 
resilient coating, such as a paper or polymer roll, in which connection a wide nip is 
formed. The resilient-surface roll conforms to the contours of the surface of paper 
and presses the opposite side of paper evenly against the smooth-surface metal roll. 
Because of the resilient-surface roll, the calendering time is also longer, wherefore 
in order to assure adequate capacity, the paper machine must be equipped today 
even with three multi-roll calenders. In a multi-roll calender there are today 
typically from one to two sets of rolls and 10 to 12 nips. For the purpose of treating 
both sides of the web, the supercalender comprises a so-called reversing nip in 
which there are two resilient-surface rolls placed against each other. The linear load 
in the multi-roll calender increases from the top nip to the bottom nip because of the 
gravity of the earth. By using relief of the rolls, this increase in load can be 
compensated for. This kind of multi-roll calender provided with the relieving of the 
rolls is the multi-roll calender marketed by Metso Paper, Inc. under the trademark 
OptiLoad™. 

[001 6] c. Soft calendering is calendering in a calender unit in which nips are 

formed in a manner similar to that of a multi-roll or supercalender between a 
smooth-surface metal roll and a roll covered with a resilient coating, in which 
connection a wide nip is formed. In a soft calender, each nip is formed between 
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separate roll pairs, in which connection the nip load in individual nips can be 
adjusted in each individual nip, or between roll pairs in separate sets of rolls, in 
which connection the nip load can be adjusted in each individual set of rolls. The 
soft calender can be used as an on-line calender and it can replace the machine 
5 calenders of a paper machine. In order to treat both sides of the web in the calender, 

the order of the roll pairs or of the sets of rolls forming the successive nips is reverse 
with respect to the web such that the resilient-surface roll or the resilient-surface 
rolls can be caused to work on both surfaces of the web. 

SUMMARY OF THE INVENTION 
10 [0017] One object of the present invention is to eliminate or at least minimize the 

weaknesses and drawbacks associated with today's multi-roll calendering and to provide 
a new type of intermediate and/or middle roll for a multi-roll calender in order to 
improve the profitability of a fibrous web in the nips of a multi-roll calender, such as a 
multi-nip on-line or off-line calender, supercalender and/or soft calender. Another object 
15 of the present invention is to provide a calender that can be modified in a new, simple 
manner. 

[0018] In the shoe roll according to the invention, the shoe rows loading and profiling 
the shell of the shoe roll are arranged in the direction of the nips of the shoe roll, and the 
shell of the shoe roll is made of a composite material, the properties of which are 
20 selected with a fibre orientation such that the shell is more rigid in the circumferential 
direction than in the axial direction. 

[0019] The calender according to one embodiment of the invention comprises two 
stacks of three rolls placed one upon the other, the rolls of the stacks being displaceable 
so as to provide one operation nip between the middle rolls or two operation nips in both 
25 stacks. 

[0020] Both of the stacks of three rolls placed one upon the other in the same calender 
frame of the calender have advantageously a thermo roll in the middle and a soft-surface 
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roll above and underneath. The soft-surface rolls are advantageously rolls provided with 
a movable shell, which means that they can be displaced in the direction of the nip plane 
by displacing the shells in the radial direction. The movable-shell rolls are fixedly 
attached to the frame of the calender. In that connection, the lower movable-shell roll in 
the upper roll stack and the upper movable-shell roll in the lower roll stack can be 
moved by displacing the shells into nip contact with each other and apart from nip 
contact with the middle roll of the upper roll stack and the middle roll of the lower roll 
stack, respectively. Likewise, the top roll in the upper roll stack and the bottom roll in the 
lower roll stack can be displaced by means of a movement of the roll shell taking place 
in the direction of the nip plane apart from the middle roll and back into nip contact with 
the middle roll. The rolls are fixedly attached to the frame at such distances from one 
another that all the nips can be opened by means of movements of the movable-shell 
rolls. 

[0021] With respect to the advantages of the shoe roll according to the invention it 
may be mentioned that the loading of the nip can be simultaneously changed by means 
of individual shoes or a group of shoes of the shoe rows which are loading the shell of 
the shoe roll and which are spaced from one another in the circumferential direction, i.e. 
the load of the nip can be increased and/or reduced, thereby providing successive nips 
which profile in the same way and enhance the result of calendering. The invention also 
makes it possible that all the nips of a multi-roll calender can now be made profiling nips 
by means of the shoe roll and that the top and/or the bottom roll of a multi-roll calender, 
such as a supercalender, can now be made a profiling top and/or bottom roll: 

[0022] In accordance with an embodiment of the invention regarded as particularly 
advantageous, the composite material is advantageously selected from a group which 
includes: continuous-fibre reinforced plastic; glass fibre; a composite of carbon fibres 
and/or epoxy. 

[0023] In order that the shell should be more rigid in the circumferential direction than 
in the axial direction, in an embodiment of the invention considered advantageous, the 
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fibre orientation of the composite material has been accomplished such that a major 
proportion of the fibres has been wound at an angle of over 45° with respect to the axis 
of the roll. Advantageously, this winding angle is in the range of 70°— 90°. 

[0024] The invention enables the calender to be modified only by arranging the middle 
5 rolls (the top roll in the lower roll stack and the bottom roll in the upper roll stack) into 
nip contact with each other and apart from each other into nip contact with the middle 
roll of their own stack. This allows, for example, symmetric calendering to be 
accomplished in four nips formed by hard-surface and soft-surface rolls while the nip 
formed between the top calender roll of the lower stack and the bottom roll of the upper 

10 stack is open, or matte calendering to be accomplished by passing the web out of the 
calender through the closed nip between the bottom roll of the upper stack and the top 
roll of the lower stack. By dimensioning the positioning of the roll shafts, the diameters 
of the roll shells and the distances of the radial movement of the roll shells in a suitable 
manner, the change can be accomplished only by displacing roll shells, i.e. separate 

15 transfer devices for displacement of the entire roll are not needed. 

[0025] With respect to the advantages of other details and the structural details of the 
invention, reference is made to the dependent claims of the accompanying set of claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] In the following, the invention will be described in more detail with reference 
20 to the accompanying patent drawings, in which 

[0027] Figure 1 shows how different printing paper grades are calendered today and, in 
particular, the direction in which the calendering technology is heading in the near 
future, 

[0028] Figure 2 is a schematic sectional view of a multi-roll calender, 
25 [0029] Figure 3 is a side view of a calender with nips open, 
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[0030] Figure 4 shows a calender in a first running situation, and 

[003 1 ] Figure 5 shows the calender in a second running situation. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0032] In the multi-roll calender shown in Fig. 2, the run of a fibrous web which is 
5 being calendered is as follows. The fibrous web W which is calendered enters a top nip 
YN between a top roll 1 of the multi-roll calender and an upper rigid-shell press roll 2 
provided with a smooth-surface metal or chilled shell 21, from which nip the fibrous 
web W runs around a guide member 3 (e.g. a guide roll) into an upper profiling nip PN1 
between the rigid-shell press roll 2 and an upper intermediate or middle roll 4 according 

10 to the invention, which roll is a shoe roll provided with a shell 41 of a composite 

material, after which the fibrous web W runs around a guide member 5 (e.g. a guide roll) 
into a reversing nip KN between the upper middle roll 4 according to the invention, 
which roll is a shoe roll, and a lower intermediate or middle roll 6 according to the 
invention, which roll is a shoe roll and also has a shell 61 of a composite material, after 

15 which the fibrous web W runs around a guide member 7 (e.g. a guide roll) into a lower 
profiling nip PN2 between a lower middle roll 6 according to the invention, which roll is 
a shoe roll, and a lower rigid-shell press roll 8 provided with a smooth-surface metal or 
chilled shell 8 1 , after which the fibrous web W runs around a guide member 9 (e.g. a 
guide roll) into a bottom nip AN between the lower rigid-shell press roll 8 and a bottom 

20 roll 10 of the calender. 

[0033] The upper middle roll 4 according to the invention comprises, according to the 
invention, a composite shell 41 and an upper shoe row 43 and a lower shoe row 42 
which are arranged both at the profiling nip PN1 and at the reversing nip KN and which 
load and profile the upper profiling nip PN1 of the fibrous web, the reversing nip KN of 
25 the fibrous web and the composite shell 41 . The lower middle roll 6 is substantially 
identical with the upper middle roll 4. Thus, the lower middle roll 6 comprises, 
according to the invention, a composite shell 6 1 and an upper shoe row 62 and a lower 
shoe row 63 which are arranged both at the reversing nip KN and at the profiling nip 
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PN2 and which load and profile the reversing nip KN of the fibrous web, the lower 
profiling nip PN2 and the composite shell 61 . 

[0034] In order to provide successive profiling nips, which profile in the same way and 
enhance the result of calendering, the reversing nip KN in the multi-roll calender is 
5 preceded by at least one profiling nip PN 1 (as shown in Fig. 2) in which the metal or 
chilled shell 21 of the upper rigid-shell press roll 2 and the composite shell 41 of the 
upper middle roll 4 according to the invention are placed against each other. In addition, 
for the purpose of enhancing the result of calendering, the reversing nip KN is followed 
by at least one profiling nip PN2 (as shown in Fig. 2) in which the composite shell 61 of 
10 the lower middle roll 6 according to the invention and the metal or chilled shell 81 of the 
lower rigid-shell press roll 8 are placed against each other. 

[0035] In accordance with the invention, the properties of the composite material are 
selected with a fibre orientation such that the composite shell 41, 61 is considerably 
more rigid in the circumferential direction than in the axial direction, with the result that 

15 by changing the load of the shoe rows 42, 43, 62, 63, the profiles of the composite shell 
41, 61, the profiling nip NP1, NP2 and/or the reversing nip KN can be changed. In that 
connection it becomes possible, among other things, to control the nip spacing and thus 
the linear load in the profiling nip PN1 , PN2 and/or in the reversing nip KN and to 
correct any profile errors caused by different deflections of the rolls defining the nip by 

20 changing the profile of a roll shell or roll shells. 

[0036] In order to make all the nips of the calender such that they can be profiled and 
that they profile the fibrous web W, in the embodiment shown in Fig. 2, in addition to 
the middle rolls 4 and 6, shells 1 1 and 101 of the top roll 1 and the bottom roll of the 
calender, respectively, have also been made of a composite material, which is 
25 advantageously the same composite material as the composite material of the shells of 
the middle rolls 4, 6. Since the top and bottom rolls 1,10 have also been provided with 
an internal shoe row 12, 103 loading the shell, the profiles of the composite shell 11, 
101, the top nip YN and/or the bottom nip AN can be changed by changing the load of 
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the shoe rows 12, 103. In that connection it becomes possible, among other things, to 
control the spacing of the nip YN, PN 1 , KN, PN2, AN and to correct any profile error 
caused by different deflection of the upper and lower rolls defining the nip by changing 
the profile of the roll shell. 

5 [0037] In accordance with an embodiment of the invention regarded as particularly 
advantageous, the composite material is selected from a group advantageously 
including: continuous-fibre reinforced plastic; glass fibre; a composite of carbon fibres 
and/or epoxy. 

[0038] In order that the shell should be more rigid in the circumferential direction than 
10 in the axial direction, in an embodiment of the invention considered advantageous, the 
fibre orientation of the composite material has been accomplished such that a major 
proportion of the fibres has been wound at an angle of over 45° with respect to the axis 
of the roll 1, 4, 6, 10. Advantageously, this winding angle is in the range of 70°-90°. 

[0039] The shoe roll 1, 4, 6, 10 according to the invention is advantageously a 
15 hydraulically zone-controlled top roll, intermediate roll, middle roll or bottom roll of a 
calender, the composite shell 11,41,61, 101 of which roll is supported from a non- 
rotating central shaft of the roll by means of a hydrostatic loading arrangement 12; 42; 
43; 62; 63; 103, such as a row of loading shoes which transfer the nip force acting on the 
composite shell rotating around the central shaft so as to be carried by the central shaft. 

20 [0040] Fig. 3 is a side view of a calender. Six rolls are placed one upon the other on a 
frame R of the calender, said rolls forming two stacks A and B of three rolls. In the 
upper roll stack A, the top and bottom rolls 1 and 4 are rolls provided with a movable 
shell, the shells of said rolls being displaceable in the radial direction in the direction of 
the nip plane passing through the axes of rotation of the rolls. The roll shells of said rolls 

25 1 and 4 are soft-surface shells, for example, provided with a polymer coating. Between 
the top and bottom rolls 1, 4 there is a hard heatable roll 2, i.e. a so-called thermo roll. 
The surface of this middle roll 2 can be, for example, a smooth metal surface. 
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[0041] In the lower roll stack B, in which the nip plane of the rolls is a continuation of 
the nip plane of the upper roll stack A, there are rolls which are identical with and in the 
same order as the rolls in the upper roll stack A, i.e. a middle hard heatable thermo roll 8 
and, above and beneath it, a soft-surface movable-shell roll 6 and 1 0, respectively. 

5 [0042] The movable-shell rolls 1, 4, 6, and 10 are so-called Sym-rolls, inside which 
there are loading members applying a force in a radial direction, which members are 
located on a stationary shaft and distributed in different zones across the machine width 
and by means of which the roll shell can be displaced in a radial direction and, in 
particular, in the direction of the nip plane in order to open and close the nip formed by 
10 the roll and to load the roll in a controlled manner. 

[0043] The movable-shell soft rolls 1, 4, 6, and 10 in both roll stacks A, B have all 
identical measures and structure, and the middle rolls 3 and 8 in both roll stacks A, B 
have identical measures and structure, with the result that only two types of rolls need be 
arranged as spare parts for the calender. 

15 [0044] The movable-shell rolls 1, 4, 6, and 10 are attached to the roll frame R by 
means of supports 13 which have substantially fixed positions and which support the 
stationary shaft of the roll at both ends. Even though Fig. 3 shows a horizontal bolt 14 
for attaching the supports 13 to the calender frame R, other means of attachment can 
also be used by which the supports can be arranged to be in a fixed position on the 

20 frame. The bearing housings of the middle rolls 4 and 6 of the roll stacks A, B can be 
attached to the frame R by means of articulation supports and said rolls can be relieved 
hydraulically according to the known principles concerning sets of articulation rolls at 
both ends by means of a hydraulic cylinder acting between the bearing housing and the 
frame. 

25 [0045] The rolls are placed in two superimposed stacks A, B such that the movable- 
shell rolls 1, 4, 6, and 10 can be displaced apart from the middle hard rolls 2 and 8, and 
the bottom roll 4 of the upper roll stack and the top roll 6 of the lower roll stack are not 
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in contact with each other, in which connection all the nips YN, PN1, KN, PN2, AN 
from top to bottom are open. Fig. 3 shows this situation. The distance d between the roll 
shells in the nips can be a few millimetres, for example, below 10 mm. 

[0046] Fig. 4 shows a first running situation in which both nips YN, PN1 and PN2, 
AN of each roll stack A, B are closed, i.e. a calendering nip is formed on both sides of 
the heated thermo roll 2, 8 with the respective soft-surface roll 1, 4, 6, and 10. In other 
words, the web which is being calendered is run through four nips in total, which are all 
nips formed by a soft-surface roll and a hard heated roll. Between the roll stacks, the web 
runs through the open nip KN. The web will also be calendered symmetrically, i.e. in the 
first roll stack, the first surface is against a hard hot-surface roll and, in the next stack, the 
opposite surface is against a hard hot-surface roll. By regulating load and/or 
temperature, the different sides can also be treated differently in the successive roll 
stacks A, B. 

[0047] Fig. 5 shows a second running situation in which the bottom roll 4 in the upper 
roll stack A and the top roll 6 in the lower roll stack B have been moved apart from the 
middle roll 2 and 8 of the respective roll stack, i.e. they have been moved into contact 
with each other in the direction of the nip plane in order to close the space left between 
the roll stacks, whereby the calendering nip KN is formed which is defined by a soft- 
surface roll on both sides. In this mode of running, the web to calendered is passed only 
through this nip KN in order to implement matte calendering. In this running mode, the 
rolls 4 and 6, Sym-rolls, are turned through 1 80° such that the loading members are 
placed at the calendering nip KN. If either roll or both rolls is/are provided with two 
series of loading members located inside the roll shell at a distance of 1 80° from each 
other, the roll need not be turned. 

[0048] The nip KN can also be formed such that the bottom roll 1 0 of the lower stack 
B and the middle roll 8 attached to the frame by means of articulation supports are 
lowered, with the result that the nip PN2 becomes free, and the bottom roll 4 of the 
upper stack A is lowered to form the nip KN. 
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[0049] No separate loading cylinders are needed in the calender because loading can 
be accomplished by means of the loading members located inside the shells of the Sym- 
rolls (soft-surface rolls 1, 4, 6, 10). 

[0050] Figs. 3-5 also show take-out rolls 3, 5, 7, 9 typical of the calender, by means of 
5 which the web W which is being calendered can be taken out of the nips and which have 
been placed on both sides of the roll stacks A,B. 

[0051] On-line calendering of paper is advantageously accomplished by means of the 
calender described above, in which connection it can be placed in a papermaking line. 
The calender is short in the machine direction, with the result that it is easy to place in an 
10 existing line, for example, in connection with rebuilds. Moreover, a change of the mode 
of running from the mode of calendering shown in Fig. 4 to the mode of calendering 
shown in Fig. 5 and vice versa is easy to accomplish. 

[0052] Above, the invention has been described only by way of example by means of 
one of its embodiments regarded as advantageous. This is, of course, not intended to 
15 limit the invention and, as is clear to a person skilled in the art, many different 

alternative solutions and modifications are feasible within the inventive idea and its 
scope of protection defined in the accompanying claims. The wide usability of the 
present invention in almost all kinds of calendering applications, with the exception of 
pure machine calendering, shall be particularly noted. 

20 [0053] The shoe roll provided with a composite shell according to the invention 

enables the calender to be run and used with different nip combinations. Some of the 
nips can be kept open. For example, in the case shown in Fig. 2, the nips AN and PN2 
can be left open, in which connection the web W is passed directly from the knip KN to 
reeling. In that connection, the calender shown in Fig. 2 can be arranged to comprise two 

25 nips by feeding pressure only for the shoe 43 in the roll 4 and leaving the shoe 42 
without pressure. Thereby, a calender is provided which has two successive nips 
profiling the web W on the same side. When the shoes 12 and 43 above and beneath the 
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nips YN and PN1 are simultaneously pressed or relieved, two successive nips can be 
provided which profile the web W in the same way, which enhances the outcome. 
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ABSTRACT OF THE DISCLOSURE 
A multi-roll calender, supercalender, soft calender or equivalent has at least one nip 
(YN, PN1, KN, PN2, AN) profiling a fibrous web (W) which is being calendered. A 
shoe roll (1, 4, 6, 10) constitutes at least one of the calender rolls which define the nip. A 
5 shell (11,41,61, 101) of the shoe roll is of a composite material, and the shoe roll is 
provided with internal shell-loading shoes (12, 42, 43, 62, 63, 103) for profiling the 
shell, the nip and/or the fibrous web. 
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